








Assembly Feature Recognition 

Example of Part Feature Definition
Part Feature template for Round Hole:

Topology
Real Face: “side” f1
Virtual Faces: “Vbottom” f2, “Vtop” f3

Topological Relationships
Edge “convex”: f1 & f2; f1 & f3

Geometry
Planar faces: “Vbottom” f2, “Vtop” f3
Cylindrical face: “side” f1

Geometric Relationships
Constraint “parallel”: f2 & f3
Constraint “perpendicular”: f1 & f2

Parameters
Parameter “hole_depth”: d1 = distance (f2, f3)
Parameter “hole_dia”: d2
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Assembly Feature Recognition 

Assembly Feature Definition
The next step is to create an assembly feature template 
similarly to that for part feature recognition.
The following template defines an assembly feature:

Part features that constitute the assembly feature
Assembly Parameter Definition

Geometric – parameter defined by two geometric entities 
directly
Algebraic – parameter defined by other parameters

Constraints / Relations
Geometric – constraint between two geometric entities
Algebraic – constraint between parameters

Kinematic Relation – DoFs and motion limits
Structural Relations: load point, component directions and 
magnitude, time functions



Assembly Feature Recognition 
Examples of Assembly Features

Assembly Featrue Mating Relations and Constraints
Round Pin and Hole Pin top face against hole bottom face OR pin virtual 

face against hole virtual face
Pin side face relations of the form:
               Against with clearance
               Diameter of pin side face < diameter of hole 
side face
Pin length <= hole depth

Prismatic Pin and Hole Pin top face against hole bottom face OR pin virtual 
face against hole virtual face
Pin 4 side face relations of the form:
               Against with clearance
               Width of side pin face < width of side hole 
face
Pin length <= hole depth

Spherical Joint Ball face against socket face
Ball face relations of the form:
               Against with clearance
               Diameter of ball face <= diameter slot face



Assembly Feature Recognition 

Example of Assembly Feature Definition (Pin and Hole)
Part features:

Pin: “Pin1”
Hole: “Hole1”

Assembly Parameter Definition
Geometric

Eccentricity = distance between pin axis and hole axis
Algebraic

Clearance = hole_dia – pin_dia
Constraints / Relations

Geometric
Concentric: Face1 on BWP & Face1 on BWH
Against with clearance: Face1 on BWP & Face1 on BWH
Against: VFace3 on BWP & VFace3 on BWH

Algebraic
pin_dia < hole_dia
pin_length ≤ hole_depth



Assembly Feature Recognition 

Concentric

Block With Pin (BWP) Block With Hole (BWH)

Feature: Hole1
Feature: Pin1

Face1

VFace2
VFace3Face1

VFace2

VFace3



Assembly Feature Recognition 

Legacy Part Specimens
Plane to Plane (A)
Round Pin and Hole (B)
Spherical Joints (C)
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Step One: Data Collection
Determine the current material and gather necessary 
information associated with the existing part that is to be re-
designed and its material.

Part material
Exact or partial knowledge

Failure mode (how the current part failed)
Part function
Loads (type, magnitude, direction)
Criticality of part (consequences of failure)
Manufacturing process (casting, machining, injection molding)
Part surface quality
Heat treatment process
Environment (temperature, chemical, etc)
Overall size

Material Substitution Rules



Step Two: Data Analysis
Based on the gathered information in step one, critical 
properties can be obtained and populated.
Specific rules can be used to determine the critical properties 
of a part based on material type, manufacturing processes, 
part function, failure modes, etc.
In most cases, modes of failure can be used to identify 
critical properties of a given part.
In some cases, the user may not be able to determine the 
failure mode.

Failure mode can be determined by part usage or common 
failure modes associated with certain types of parts.

Critical properties can be identified based on the mode or 
modes of failure.

Material Substitution Rules



Material Substitution Rules

Step Three: Determine Goals and Constraints
This step involves setting up material filters to find 

equivalent materials.
In this step, the user will have more control by inputting what 
materials are currently available for substitution.

Whether it is bar, sheet, or plate stock, pellets, etc.
The user also will be able to input available manufacturing 
processes.

Such as casting, machining, and injection molding.
Important pieces of data are to be determined, calculated, 
and stored.

Such as material indices of key properties (important ratios such 
as Sy

2/3/p, E/p, etc).
These values will be used later in the process to filter the 
available materials down to a group of candidate materials. 



Material Substitution Rules

Step Four: Identification of Candidate Materials
This step is where the relevant material properties data, for 
the current and candidate materials, are gathered and stored 
based on the information from the previous steps. These 
may be

Physical properties (density, ductility, etc)
Mechanical properties (strength, hardness, toughness, etc)
Electrical properties (conductivity, permittivity, etc)
Thermal properties (thermal conductivity, thermal diffusivity, 
specific heat, etc)
Environmental properties

It is important to note that typical properties will be used.



MatSubMatSub LogicLogic
The first scenario (labeled 1) is when the user knows geometry, material, and 
function. 

geometry can be used to obtain assembly features. 
function can be used to determine potential failure modes. 

The second scenario (labeled 2) is when the user knows geometry, material, 
and how it failed 

the input failure mode can be stored as a possible failure mode directly. 

Potential 
Failure Modes

Geometry:                                   
Part                                    
Assembly -> Assembly Features

Specific Material OR
Material Family: 
Ferrous                     
Non Ferrous        
Plastics

Failure:    
Mode and 
Location

Function:                                 
Loading (magnitude, type)  
Environment

1

2



MatSubMatSub LogicLogic
Once potential failure modes are discovered, it is necessary to 

determine the critical properties, lower and upper bounds and material 
indices. 

Step 4 is simply a table lookup; Given a failure mode, there are
corresponding critical properties that are related to that failure mode. 

Step 5 is based on the inputted information thus far, the bounds and 
material indices can be calculated using structural equations. 

From there the candidate materials can be obtained.

Potential 
Failure 
modes

Critical 
Properties

Material 
indices

Lower and 
upper 
bounds

Output: List of 
materials

4

5

6



MatSubMatSub database contentsdatabase contents



Material Substitution Rules

Step Five: Detailed Analysis and Selection
Some drawbacks exist with using Ashby charts.

Property ratios cannot be determine for combined loads and/or 
combined stress.
Only 2 properties, or at most 3, are considered at a time. 

Because of these limitations, a similar technique, with some 
adjustments, will be used. 



Material Substitution Architecture 
Material Substitution Screenshots
File     Edit     View     Window      Help    Step 1     Step 2 Step 3     Step 4     Step 5

What material is the part made of?

Step 1: Current Material Selection

Steel

Plastic

Initially the user chooses from steel or plastic. Then the user is able to narrow down the field 
to the next level of material type. Where the user stops, that is where either a specific 
material is chosen, if the user knows exactly what material it is, or average values are used.

Ferrous

Nonferrous

Aluminum Alloy

-

+

-

+

+

CONTINUE CANCEL



Material Substitution Architecture 
Material Substitution Screenshots
File     Edit     View     Window      Help    Step 1     Step 2 Step 3     Step 4     Step 5

Step 2: User Input

How did the part fail?
Wear ▼

A series of questions are asked to the user (not all questions are shown). Some circumstances 
may need the user to enter a confidence level and others it may be better to find out how the 
user came up with the answer.

How did you cone to this conclusion?
Inspection ▼

What is the part’s function?
Transfer Movement ▼

How critical is the part?
High ▼

How was the part manufactured?
Casting ▼

How did you cone to this conclusion?
Inspection ▼

On a scale from 1 to 100, how 
confident is your submission?

On a scale from 1 to 100, how 
confident is your submission?

CONTINUE CANCEL



Material Substitution Architecture 
Material Substitution Screenshots
File     Edit     View     Window      Help    Step 1     Step 2 Step 3     Step 4     Step 5

Step 2: User Input

How many loads are there?
2 ▼

User enters number of loads. Corresponding number of load entries are populated. Will need 
to find a way so that the load direction is standard on all of the parts.
After this step, critical properties are assigned based on user input.

Load type?
Point ▼

On a scale from 1 to 100, how 
confident is your submission?

Magnitude?
100 ▼

Load direction?
Z ▼

Load type?
Point ▼

Magnitude?
100 ▼

Load direction?
X ▼

CONTINUE CANCEL



Material Substitution Architecture 

Material Substitution Screenshots
File     Edit     View     Window      Help    Step 1     Step 2 Step 3     Step 4     Step 5

Step 3: Manufacturing Processes

What manufacturing processes are available?
CastingX

After this step, material property values are obtained.

MachiningX

Injection Molding

None

CONTINUE CANCEL



Material Substitution Architecture 

Material Substitution Screenshots
File     Edit     View     Window      Help    Step 1     Step 2 Step 3     Step 4     Step 5

Step 4: Summary

A Summary of input information.

OBTAIN MATERIAL 
SUBSTITIUTION CANCEL

Part Failure
Part Function
Part Criticality

Available Materials

Manufactured
Loads

Machining
Bar Stock
Plate Stock

Casting
Point, 100, Z
Point, 100, X

Summary
Current Part

Redesigned Part
Casting

Aluminum Alloy
Wear
Transfer Movement
High

Available Manufacturing

Material



Material Substitution Architecture 

Material Substitution Screenshots
File     Edit     View     Window      Help    Step 1     Step 2 Step 3     Step 4     Step 5

Step 5: Material Substitution

If there are too many materials to choose from, based on user’s input, user is required to help 
narrow down the choices based on family of materials.

CANCEL

Too many materials to choose from. Please help narrow down 
the possibilities. Pick the material types to include in the search.

FerrousX

NonferrousX

Thermoset Plastics

Thermoplastic

OBTAIN MATERIAL 
SUBSTITIUTION



Material Substitution Architecture 
Material Substitution Screenshots
File     Edit     View     Window      Help    Step 1     Step 2 Step 3     Step 4     Step 5

Step 5: Material Substitution

Or if the program is unable to find a suitable material based on user input, the user is needed 
to either repeat the process, change some of the input information, or be asked additional 
questions. Starting over would be the least desirable.

No suitable material substitution was found. Please select next 
desired step.

Start Over

Change Some Input Information

Try Additional Questions

Exit

Clears input information.

Does not clear input 
information and allows user 
to go back and change input.

Not sure what questions at 
this point. But maybe some 
additional questions may 
help narrow down choices.

Exit program.

CANCELOBTAIN MATERIAL 
SUBSTITIUTION



Material Substitution Architecture 
Material Substitution Screenshots
File     Edit     View     Window      Help    Step 1     Step 2 Step 3     Step 4     Step 5

Step 5: Material Substitution

After any iterations are completed and some or a material is narrowed down, the user is able 
to see some of the criteria by which a substitution is made. The user is able to choose which 
material to substitute.

EXPORT DATA CANCEL

Material Critical Property 1 Value Critical Property 2 Value

Aluminum Alloy Yield Strength 245 Mpa Modulus of Elasticity 73.2 Gpa

Aluminum Casting Yield Strength 181 Mpa Modulus of Elasticity 72.1 Gpa
Aluminum Sand Cast Yield Strength 215 Mpa Modulus of Elasticity 71.0 Gpa
Steel 1040 Yield Strength 290 Mpa Modulus of Elasticity 200 Gpa
Steel 1020 Yield Strength 350 Mpa Modulus of Elasticity 205 GPA

Current Material

Substitute Materials
X



Material Substitution Architecture 
Material Substitution Screenshots
File     Edit     View     Window      Help    Step 1     Step 2 Step 3     Step 4     Step 5

Final Review

When export data button is pressed, a summary screen appears with information for 
printing. User is also allowed to save info to desired location as a text file.

SAVE EXIT

Material
Part Failure
Part Function
Part Criticality
Manufactured
Loads

72.1 GpaModulus of Elasticity

Aluminum Alloy
Wear
Transfer Movement
High

Point, 100, X

Aluminum Casting Yield Strength 181 Mpa

Available Manufacturing

Available Materials

Summary
Current Part

Redesigned Part

Chosen Material

Casting
Machining
Bar Stock
Plate Stock

Casting
Point, 100, Z

365 MpaUltimate Tensile Strengt

Poisons Ratio 0.33
290 MpaShear Strength



Customizable Customizable DfMDfM modulemodule
DFM Advisor, previously developed in the DAL, offers a robust 
and customizable framework  for manufacturability analysis.

Feature 
M odel Process 

Selection 
 M odule 

M fg Shop 
Data  

M fg 
Process 

Data  

M fg 
Cost/Tim e 

M odel 

Tech 
Feasibility 

(Qualitative) 

Quantitative 
Analysis 

(Cost, tim e) 

M fg Rule 
Base  

M fg 
M aterial KB  

Data & Know ledge Base 

Evaluation M odules 

•The DFM Advisor is linked to 
several databases :

–Resources,
–Rules,
–Features,
–Manufacturing processes,
–….

•Each of these databases could 
be customized by an expert

Feature model loading

Simple, Medium and complex 
rules checking

Process Planing and cost-time evaluation



New developmentsNew developments
An application has been coupled with the DFM Advisor for 
analyzing geometric characteristics of a part, classifying it (turned, 
milled, mill-turn, sheet metal), making a preliminary process 
selection, selecting the appropriate set of feature recognizers, and 
exporting the features and parameters to DfM.

Main Window

Feature window 

3D View Window

 Main Toolbar 

Main Menus 

Automatic 
selection

Multi-Process
Feature  recognition DFM Advisor  

Machining features Evaluation resultsList of

processes

Feature 
model

 

Computation of the 
minimum bounding 

volumes 

Determination of  part 
informations 

Check for 
segmentation 

Probabilistic 
algortihm 

Feature 
recognition 

Export to DFM

Zhao,2005



DfMDfM Demo SystemDemo System

Main interface. The following will describe the advanced 
functionalities

Main Window

Feature window 

3D View Window

 Main Toolbar 

Main Menus 

 

Computation of the 
minimum bounding 

volumes

Determination of  part 
informations 

Check for 
segmentation

Probabilistic 
algortihm 

Feature 
recognition 

Export to DFM 

Basic geometric functionalities

Advanced functionalities



““ProbabilisticProbabilistic”” Process selectionProcess selection

1 – Indicator weights: the 
weights of each indicator taken 
into account into the 
evaluation process. The sliders 
provide a simple way to 
experiment and fine tune the 
value of the weights

2 – Resuts obtained: the 
probability that the part can be 
manufactured by this process/ 
the percentage of the part 
features manufacturable by a 
process

1

2



Preliminary process selection and feature generationPreliminary process selection and feature generation

 

1 

2

3

4

5

1 – Process sequence selection: the 
available processes to be selected 
(manual or automatic). The order of 
the selected processes determines 
their priority

2 – Automatic process parameters: 
the parameters needed for automatic 
selection

3 – Evaluation results: the results of 
the evaluation steps and the type of 
the part

4 – Launch feature recognition: 
launches each needed feature 
recognizer in order

5 – Concatenation of all feature files: 
After the recognition phase, each 
selected process has its ASAT and 
PARAM file. The conjugation of 
these two files provides all the 
information about the recognized 
features related to this process. The 
file paths are entered into this form 
to create the global feature set.



Feature viewing & editingFeature viewing & editing
Interface for • Classification of features: a tree structure 

organized in a way that each feature 
belongs to a generic manufacturing 
process; the feature parameters 
represented as leaves of the tree.

• Editing of the feature parameters: due to 
some complex topological situation, a 
recognizer may not be able to determine 
one parameter value. To overcome this 
limitation, a modification dialog is 
available.

• Detection of non-machinable faces: once 
the global feature set is created, some of 
the faces of the geometric model could be 
not associated with any feature. This event 
could result from:

• A manufacturability problem (the 
process can not do this face),

• A feature definition problem (one UDF 
is not well defined or is missing).

Process

Feature
Parameter



Exporting Manufacturing FeaturesExporting Manufacturing Features
Interface for the export of the feature set to the DFM Advisor

This command converts the feature set into a text file.

The user has to enter his name and a part identification 
number, which will be used by the DFM Advisor to store the 
feature set.

The generated text file is totally compatible with the DFM 
Advisor.



Case StudyCase Study
Example of the feature generation process on a simple part : a link 
between two joints.

Milling and turning features are present on the part,
The spherical surfaces are non manufacturable with available 
processes.

Straight turned

Slot

hole

Spherical surface!!



Case StudyCase Study
Step 1: Automatic Process selection

 

 

Selection of Automatic mode

the process selection is obtained



Case StudyCase Study

Step 2: Feature recognition

 

Launch feature recognition

Turning feature recognition

Milling feature recognition

ASAT files and 
param files



Case StudyCase Study

Step 3: Generation of the global feature set

Global feature set with non-
manufacturable faces

 

The spheres are non-
manufacturable!!!

Reading ASAT files and 
param files



Case StudyCase Study

Step 4: Modification of feature parameter 

Step 5: export to DFM Advisor

A simple click on the parameter 
launches the modification dialog

The textfile for the DFM Advisor

The user name

54



Case StudyCase Study

Step 6: Open the file with the DFM Advisor 

Step 7 (to come): manufacturability study and re-design

Parameter of the slots recognized 
on the part




